PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 




>r: 

(11) International Publication Number: 


WO 97/02666 


H04B7/08 


Al 








(43) International Publication Date: 


23 January 1997 (23.01.97) 



(21) International Application Number: PCT/FI96/00383 

(22) International Filing Date: 28 June 1996 (28,06.96) 



(30) Priority Data: 

953276 



30 June 1995 (30.06.95) 



FI 



(71) Applicant (for all designated States except US): NOKIA 

TELECOMMUNICATIONS OY [FI/H]; Upseerinkatu 1, 
FIN-02600 Espoo (FI). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): KESKITALO, Dlcka 
[FI/H]; Koskitie 5, FIN-90500 Oulu (FI). KIISKI, Matti 
[FI/FI); Mustalinnuntie 21, FIN-90460 Oulunsalo (FI). 

(74) Agent: TEKNOPOUS KOLSTER OY; c/o Oy Kolster AB, Iso 
Roobertinkatu 23, P.O. Box 148, FIN^00121 Helsinki (FI). 



(81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY, 
CA, CH ( CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, EL, 
IS, JP, KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, 
MD, MG, MK, MN, MW, MX, NO. NZ, PL, PT, RO, RU, 
SD, SE, SG, SI, SK, TJ, TM, TR, TT, UA, UG, US, UZ, 
VN, ARIPO patent (KE, LS, MW, SD, SZ, UG), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH. DE f DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, 
CM, GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

In English translation (filed in Finnish). 



(54) Title: RECEPTION METHOD AND BASE STATION RECEIVER 




(57) Abstract 



The invention relates to a base station receiver and a reception method in a CDMA cellular radio system comprising in each cell at 
least one base station (100) communicating with mobile stations (102-104) situated within its area. The base stations (100) measure the 
direction angle of a signal arriving from each mobile station (102-104) with respect to the base station, and they communicate with the 
mobile stations (102-104) using antenna beams that change in time, the angles of the greatest gain of the beams being adjusted according 
to signal components (110-1 12) arriving from the mobile station. In order to provide detection of good quality without a great deal of 
calculation, m the method according to the invention the detection of the desired signal utilizes simultaneously several signals received 
from different mobile stations, the incoming direction of the signals being taken into account when selecting the signals. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


-Hungary 


NO 


Norway 


BF 


Burkina Faso 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy J 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgystan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Swedes 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


Cote d'lvoirc 


U 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


SZ 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


UG 


Uganda 


FI 


Finland 


ML 


Mali 


US 


United States of America 


FR 


France 


MN 


Mongolia 


UZ 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



PCT/H96/00383 



1 

Reception method and base station receiver 

The invention relates to a reception method in 
a:...Cl)M^-cel-ikul-a-r-*radio system- comprising :: in each cell at- 
least one base station communicating with mobile 
stations located within its area, which base stations 
measure the direction angle of a signal arriving from 
each mobile station with respect to the base station, 
and which base stations transmit and receive the signals 
of the mobile stations by means of an antenna array 
consisting of several elements by phasing the signal to 
be transmitted and received so that the gain obtained 
from the antenna array is the greatest in the desired 
directions . 

Code division multiple access (CDMA) is a 
multiple access method, which is based on the spread 
spectrum technique and which has been applied recently 
in cellular radio systems, in addition to the prior FDMA 
and TDMA methods . CDMA has several advantages over the 
prior methods, for example spectral efficiency and the 
simplicity of frequency planning. An example of a known 
CDMA system- is disclosed in the EXA/TIA Interim 
Standard: Mobile Station-Base Station Compatibility 
Standard for Dual -Mode Wideband Spread Spectrum Cellular 
System, TTA/EIA/IS-95, July 1993, EIA/TIA IS- 95. 

In the CDMA method, the narrow-band dat^ signal 
of the user is multiplied to a relatively wide band by 
a spreading code having a considerably broader band than 
the data signal. In known test systems, bandwidths such 
as 1.25 MHz, 10 MHz and 25 MHz have been used. In 
connection with multiplying, the data signal spreads to 
the entire Sand to be used. All users transmit by using 
the same freiquency band simultaneously. A separate 
spreading code is used over each connection between a 
base station and a mobile station, and the signals of 
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the different users can be distinguished from one 
another in the receivers on the basis of the spreading 
code of each user. 

Matched filters provided in the receivers are 
5 synchronized with a desired signal, which is recognized 

on the basis of a spreading code. The data signal is 
restored in the receiver to the original band by 
multiplying it again by the same spreading code that was 
used during the transmission. Signals multiplied by some 
10 other spreading code do not correlate in an ideal case 

and are not restored to the narrow band. They appear 
thus as noise with respect to the desired signal. The 
spreading codes of the system are preferably selected 
in such a way that they are mutually orthogonal, i.e. 
15 they do not correlate with each other. 

In a typical mobile phone environment, the 
signals between a base station and a, mobile station 
propagate along several paths between the transmitter 
and the receiver. This multipath propagation is mainly 
20 due to the reflections of the signal from the 

surrounding surfaces. Signals which have propagated 
along different paths arrive at the receiver at 
different times due to their different transmission 
delays. CDMA differs from the conventional FDMA and TDMA 
25 in that the multipath propagation can be exploited in 

the reception of the signal. The receiver generally 
utilized in a CDMA system is a multibranch receiver 
structure where each branch is synchronized with a 
signal component which has propagated along an 
30 individual path. Each branch is an independent receiver 

element, the function of which is to compose and 
demodulate one received signal component. In a 
conventional CDMA receiver, the signals of the different 
receiver elements are combined advantageously, either 
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coherently or incoherently, whereby a signal of good 
quality is achieved. 

Interference caused by other connections in the 
desired connection thus appears in the receiver as noise 
that is evenly distributed. This is also true when a 
signal is examined in an angular domain according to the 
incoming directions of the signals detected in the 
receivers. The interference caused by the other 
connections in the desired connection thus also appears 
in the receiver as distributed in the angular domain, 
i.e. the interference is rather evenly distributed into 
the different incoming directions. 

The multiple access interference of the CDMA 
systems can also be reduced by means of different known 
multiple access interference cancellation (IC) methods 
and multi-user detection (MUD) . These methods are best 
suited for reducing the interference produced within the 
user's own cell, and the system capacity can thus.be 
increased to about a double compared to a system 
implemented without interference cancellation. However, 
the IC/MUD techniques are complicated to realize due to 
the large amount of calculation, especially when the 
number of the signals increases. 

Another alternative is to try to restrict the 
interference cancellation or the multi-user detection 
only to a certain number of signals, whereupon the rest 
of the interfering signals constitute co-channel 
interference. Such a method is an SDMA (Space Division 
Multiple Access) method wherein the users are 
distinguished from one another on the basis of their 
location. This is performed in such a way that the beams 
of the receiver antennas are adjusted in the base 
station to the desired directions according to the 
location of the mobile stations. For this purpose, the 
system uses adaptive antenna arrays, i.e. phased 
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antennas, and the processing of the received signal, by 
means of which the mobile stations are tracked. The 
adaptive changing of the directivity pattern of an 
antenna or an antenna array can be realized with a 
5 technique known to a person skilled in the art, for 

example by phasing the signal received by the antennas 
in such a way that the sum signal corresponds to the 
desired directivity pattern. The phasing can be provided 
for example with adaptive filtration, which may also 

10 take place on the baseband. 

Combination of an Adaptive Array Antenna and 
a Canceller of Interference for Direct -Sequence Spread- 
Spectrum Multiple Access System by R. Kohno, H. Imai, 
M. Hatori and S. Pasupathy (IEEE J-SAC, Vol 8, No. 4, 

15 pp. 675-682, May 1990) , which is incorporated herein by 

reference, discloses a prior art arrangement where the 
interference cancellation is applied in connection with 
adaptive antennas. However, in the arrangement described 
therein, the amount of calculation is significant since 

20 the interfering signals are not subjected to any kind 

of selection, but only to weighted subtraction. 

The purpose of the. present invention is to 
realize a method and a receiver by means of which the 
capacity provided by the prior methods can be improved 

25 further without an increase in the amount of 

calculation. The purpose of the method according to the 
invention is to simplify the baseband processing in the 
interference cancellation and in multi-user detection 
and thus to improve the capacity or sensitivity of the 

30 detector. 

This is achieved with a method of the type 
described in the preamble, characterized in that the 
detection of the desired signal utilizes simultaneously 
signals received from several mobile stations, the 
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incoming direction of the signals being taken into 
• account when selecting the signals. 

The invention also relates to a base station 
receiver comprising an antenna array consisting of 
5 several elements, a group of radio -frequency units 

connected to the antenna array, a group of detector 
means which means comprise a number of filters and 
signal detectors adapted to the. .signal to be received, 
and means for phasing the received signal so that the 

10 gain obtained from the antenna array is the greatest in 

the desired directions. The base station according to 
the invention is characterized in that the receiver 
comprises .. first detector means the input of which 
comprises a signal from the radio-frequency parts, which 

15 means perform preliminary estimation on the received 

signal components, and a switching matrix the input of 
which comprises a signal . from the first detector means 
and second detector means the input of which comprises 
a signal from the radio- frequency parts and the output 

20 signal of the switching matrix, which means perform the 

signal detection and estimation by utilizing a number 
of signal components received from the different 
terminal equipments, and control means which select and 
guide, by means of the switching matrix, the signals to 

25 be utilized on the basis of their incoming direction 

from the -first detector means to the second detector 
means . 

With the method according to the invention, it 
is possible to use both adaptive antenna beams and 

30 methods of interference cancellation and multi-user 

detection in such a way that especially processing that 
takes place on the baseband can be realized in practice 
without a great deal of calculation. In an arrangement 
according to the preferred embodiment of the invention, 

35 it is possible to use for interference cancellation 
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signals that have been received from other terminal 
equipments, that have already been detected and that 
interfere with the desired signal . 

The method according to the invention can be 
5 applied in a system where adaptive antenna beams are 

provided by means of either analog or digital phasing. 

In the following, the preferred embodiments of 
the invention will be described in greater detail with 
ref erence to the examples according to the accompanying 
10 drawings, in which 

Figure 1 illustrates a cellular radio system 
where the method according to the invention can be 
applied, 

Figure 2 illustrates a possible implementation 
15 of an adaptive antenna array, 

Figure 3 illustrates the first example of 
oriented antenna beams in case of . one terminal 
equipment , 

Figure 4 illustrates a second example of 
20 oriented antenna beams in case of two terminal 

equipments, 

Figure 5 illustrates a third example of 
oriented antenna beams in case of two terminal 
equipments that are situated in different cells, 
25 Figure 6 is a block diagram illustrating an 

example of the structure of a receiver according to the 
invention, 

Figures 7 and 8 are block diagrams illustrating 
in greater detail the structure of a receiver according 
3 0 to the invention, and 

Figures 9 and 10 are -block diagrams 
illustrating the structure of a receiver according to 
the invention when using analog phasing. 

Figure 1 illustrates a CDMA cellular radio 
35 system where the method according to the invention can 
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be applied. The system comprises in each cell at least 
one base station 100 and a number of subscriber 
equipments 102 to 108 each of which communicates 110-116 
with the base station. A characteristic feature of the 
5 CDMA is that all the terminal equipments use the same 

frequency band for communicating with the base station, 
and the channels between them are distinguished from one 
another on the basis of the spreading code used over 
each connection . The same frequency band can also be 

10 . used in adjacent cells. 

The system according" to the invention applies. 
. in the base station antenna beams that change in time 
and that can be realized for example by means of 
adaptive antenna arrays. An adaptive antenna array is 

15 an antenna group consisting of several different 

elements. Figure 2 illustrates a possible implementation 
of an adaptive antenna array. The antenna array 
comprises L antenna elements 200, 202, 204, which may 
be for example omnidirectional antennas . Each antenna 

20 element is connected to radio- frequency parts 206, 208, 

210, which convert the received signal into an 
intermediate frequency and sample the signal into (I,Q) 
components according to known technology. The obtained 
complex samples are then multiplied by the corresponding 

25 complex weighting coefficients w i# wherein i = l,...,L, 

in multipliers 212, 214, 216. The samples 222, 224, 226 
that have thus been multiplied are applied via an adder 
218 to other parts of the receiver. 

The complex weighting coefficients Wi are 

3 0 selected according to an algorithm, which is usually 

adaptive, in such a way that an antenna pattern of the 
desired shape is achieved. This manner of shaping the 
received signal can be called digital phasing of the 
signal, since it is performed on a signal digitized on 

3 5 the baseband, but due to this shaping the received 
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signal antenna gain can be oriented in the desired 
directions. An antenna array as such may comprise either 
directional or omnidirectional antenna elements. Phasing 
the signal obtained from the different antennas and 
5 combining the phased signals produces kind of virtual 

antenna beams into the desired directions. 

It is not essential in the present invention 
how the antenna beams changing in time are realized in 
the base station, and the above-described method is only 

10 intended as an illustrative example. Examine below the 

method according to the invention first in applying 
interference cancellation and the digital phasing to be 
performed on the baseband. Digital phasing and multi- 
user detection will be examined separately further on. 

15 Figure 3 illustrates an example of a situation 

where the base station 100 that comprises radio- 
frequency parts 3 02 and baseband parts 3 04 communicates 
with a terminal equipment 102 situated within its area, 
and where the base station reception is already adapted 

20 to a signal arriving from the terminal equipment 102. 

In this example as in the description below, it is 
assumed without restricting the generality that the base 
station utilizes in reception the two strongest 
multipath-propagated signal components. This ensures the 

25 advantages of antenna diversity and prevents the worst 

Raleigh- distributed fading situations where the entire 
band of the signal fades simultaneously, which is 
possible with one signal component. 

In the example of Figure 3, it is also assumed 

3 0 that the two most significant signal components 110a and 

110b of the signal transmitted by the terminal equipment 
arrive reflected from two obstacles 3 00, 3 02 in the 
terrain. The base station receives each signal component 
110a, 110b with a separate oriented antenna beam A and 

35 B. This requires duplex logic used for phasing the 
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signal in order to obtain two separate and mutually 
independent oriented antenna beams. The base station 100 
maintains for each connection 110a, 110b and antenna 
beam A, B information about the signal phasing, which 
5 corresponds to an absolute incoming direction of signal . 

This data is utilized later when the interference caused 
by the other users in the received signal is estimated. 

The signal transmitted, by the base station is 
phased for each connection to correspond to a radiation 

10 pattern to which the reception is adapted. In this 

manner, the quality of the signal received by the 
terminal equipment is also improved. This can be applied 
under circumstances where the channel is reciprocal, 
i.e. the signal propagates in the same way in both 

15 transmission directions. 

Figure 4 illustrates an example of a situation 
where the base station 100 communicates with two 
terminal equipments 102 and 104 situated within its 
area- In the same way as above, two signal components 

20 110a, 110b and 112a, 112b, respectively, are taken into 

account from each terminal equipment - In the example of 
the figure, the signal components 112a, 112b of the 
terminal equipment 104 are reflected from the obstacles 
302, 400 situated in the terrain in such. a way that one 

25 component 112a arrives at the base station from the same 

direction as one of the signal components 110a of the 
terminal equipment 102 and arrives at the area of the 
same antenna beam B. In the reception of signals in each 
terminal equipment, the signal transmitted by the other 

3 0 equipment is visible as interference, since the antenna 

beams do not suppress the interfering sagnal . 

In such a situation, the idea of the invention 
is to use in the base station the signals of the 
terminal equipments 102, 104 that have already been 

3 5 detected for mutually improving the capacity. The 
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interfering signal is not an unknown signal, but it has 
already been detected once in the first detector means 
of the receiver, which will be described in greater 
detail below, and the interfering signal can be 
5 cancelled from . the desired signal so that the 

sensitivity of the receiver is improved. The operation 
of the receiver will be described in greater detail 
further on. 

Figure 5 illustrates an example of a situation 

10 where the base station 10 0 communicates with a terminal 

equipment 102 situated within its area. The figure also 
shows a base station 500 servicing the neighbouring cell 
and a terminal equipment 502 communicating 504a with the 
base station, and a base station controller 506 with 

15 which both base stations communicate. In the example of 

the figure, the signal 504b from the terminal equipment 
502 also arrives at the base station 100 from the same 
direction covered by the beam B as the signal component 
110a from the terminal equipment 102. The signal 504b 

2 0 is visible at the signal reception of the terminal 

equipment 102 as noise , since the antenna beams do not 
suppress the interfering signal. 

In this case, the aforementioned interfering 
signal 504b is not detected in the same base station 100 

25 as the desired signal 110a, since the terminal equipment 

502 does not communicate with the base station 10 0 but 
with the base station 500. The signal 504b is therefore 
not a known signal. The interfering terminal equipment 
502 and the channel it uses can be indicated to the base 

30 station 100 via the base station controller 506. The 

base station 100 can then activate an additional 
receiver to receive the aforementioned interfering 
signal, and the signal which has thus been detected can 
be used in the reception of the other signals in the 
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same way as any other signal received by the base 
station 100. 

In the preferred embodiment of the invention, 
informing the neighbouring base station of the 
5. parameters of the interfering terminal equipment is 

connected to the updating of the handover algorithm. In 
the cellular radio system according to the invention, 
the terminal equipments measure at times the quality of 
the signal they have received from their own base 

10 station and from the surrounding base stations and 

report the measurement results to their own base 
station, which forwards the results to the base station 
controller. It is possible to deduce from the 
measurement results, by comparing the obtained quality 

15 value to the threshold values given, when the terminal 

equipment interferes with the adjacent base station and 
when a handover from one base station to another can be 
performed most advantageously. 

In the situation illustrated in Figure 5, the 

2 0 terminal equipment 504 performs the above-described 

measurements from the signals it has detected from the 
base stations 5 00 and 100 and reports the "results of the 
measurements to the base station 500, which forwards the 
results to the base station controller 506. On the basis 
25 of the measurement report, the measurement of the 

interfering channel is activated in the base station 
100. The measurement is performed with a normal channel 
unit and it is possible to add thereto the adaptivity 
of the antenna beams , so that the cancellation of the 

3 0 interference caused can be directed only to channels 

received from certain directions. 

In addition to advantageous interference 
cancellation, the method described above has the 
advantage that it enables a handover margin in the CDMA 
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network, since interference produced in the neighbouring 
cell can be eliminated. 

The method described above also has the 
advantage that the base station 10 0 is already 
5 synchronized with the signal from the terminal equipment 

502 so that if the terminal equipment possibly moves 
towards the base station 100, a possible handover can 
be performed rapidly. In the arrangement . according to 
the invention, it is sufficient that the base station 

10 100 starts transmitting the information of the detected 

channel 504b to the base station controller 506 while 
the base station controller 5 06 activates the base 
station 10 0 to transmit a signal intended for the 
terminal equipment 502 and deactivates the transmission 

15 of the base station 500. If required, the base station 

500 can be made to continue monitoring the signal from 
the terminal equipment 502 that performed the handover 
for the purpose of interference cancellation. It is not 
necessary, however, since the terminal equipment 502 is 

20 already situated at a distance corresponding to the 

handover margin from the area covered by the base 
station 500 . 

There are also other alternatives for informing 
the neighbouring base station of the parameters of the 

25 interfering terminal equipment. In cell design, it is 

possible to locate the places and directions where 
terminal equipments are more likely . to cause 
interference to the other base stations. In the example 
of the" figure, the base station 50 can measure the 

3 0 location of the terminal equipments on the basis of the 

direction of the antenna beam and the distance 
information obtained from the propagation delay~o"f the 
signal. The corresponding directions of interference 
must be determined from the point of view of the base 

35 station 100, so that the indicated interfering signal 
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can be taken into account in the detection of the 
signals arriving from the aforementioned directions. The 
directions are indicated by means of phase vectors . One 
of the most probable directions is naturally the direct 
line between the base stations. 

In the following, it can be assumed without 
restricting the generality that the interfering signal 
arrives from the area of the same base station as the 
desired signal, i.e. the terminal equipment in question 
is a terminal equipment with which the base station 
communicates . 

Examine next the structure and operation of a 
receiver according to the invention by means of the 
block diagram shown in Figure 6 . 

Figure 6 shows the receiver structure of the 
base station, capable of receiving N users. The receiver 
comprises K antenna elements 600. Each antenna element 
has its own radio -frequency front part 602 where a 
carrier-frequency signal is down- converted and filtered 
with known methods. All the K signals 622 are supplied 
to first detector means 604 the number of which is N. 
In the first detector means 604, the received signals 
are subjected to preliminary detection in order to 
estimate the interference caused by each signal . 

The detector means 604 are only activated in 
a number that corresponds to the number of the active 
users within the cell area. The detected signal is 
weighted and phased to correspond to two multipath 
signals or interfering signals. Each output 624a to 624c 
of the detector thus comprises two components in the 
example of the figure. It should be mentioned in this 
"connection that in this example it is assumed that in 
the base station two components are utilized from the 
received signals, but the invention can also be applied 
correspondingly with other numbers of detected signals, 
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two being only an example. The aforementioned 
interfering signals 614 are supplied to a cross- 
connection matrix 608 via which the signals 618 are 
applied to second detector means 606. The down -converted 
5 K signals 634 are also supplied to the input of the 

detector means 616 via a delay means 612 . The delay of 
the delay means 612 is set to correspond to the 
processing delay of the first detector means 604 so that 
the interfering signal detected in the input of the 
10 second detector means 606 and the down- converted signal 

received from the radio channel are in the right stage 
in time. . 

The interfering signals to be connected to each 
detector means are selected in the method according to 

15 the invention on the basis of their incoming directions 

and signal strengths . The receiver comprises a control 
unit 610 controlling the operation of the different 
blocks, and the connection is performed by the control 
unit 610. The second detector means 606 perform the 

20 phasing of the received signals, and the information 626 

about the performed phasing is applied to the control 
unit 610. The control unit 616 forwards the phasing 
information 628 to the corresponding first detector 
means 604 by means of which this data is updated in the 

25 first detector means. The first detector means 604 do 

"not therefore perform themselves the calculation for 
phasing the beams, but they utilize the information 
obtained in the second detector means 606. 

The cross-connection matrix 608 is realised in 

30 the same way as a conventional prior art matrix and its 

operation is controlled by the control unit. The 
strongest signal of the signals transmitted by some 
other terminal equipment is selected as the interfering 
signal for each direction. In this way, the strongest 

35 interference can be cancelled and the rest of the 
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interference is to be removed by the detection 
amplification of the receiver. It must be noted that 
since most of the interference can be cancelled by the 
antenna beams, it is probably sufficient that only the 
5 most interfering signal is removed from each direction 

on the baseband. 

In the example, two multipath components are 
used in the detection of each channel, wherefore two 
interfering signals are supplied to each of the second 

10 detector means 606. Each output 632a to 632c of the 

cross-connection matrix thus' contains two components. 
The control unit 610 should therefore deduce the most 
interfering signal for both antenna beams of each second 
detector means. The control of the switching matrix 608 

15 does not require especially fast processing, since the 

rate thereof is only dependent on the movements of the 
terminal equipments and sudden changes are not probable . 

The outputs of the second detector means 606 
provide the detected user signals 620. The number of the 

20 stages in the receiver can be increased, if required, 

so that the aforementioned detected signals 620 are new 
and more accurate estimates of the interfering signals 
that are used for more accurate interference 
cancellation in the next stage of the receiver. In the 

25 same manner, the determination of the phasing of the 

signals can be transferred to be performed in the signal 
that has been detected in a more reliable manner in the 
last stage. 

Examine below in greater detail the structure 
30 of the first detector means 604 by means of the block 

diagram of Figure - 7. The figure shows an example of the 
basic structure of the first detector means performing 
the preliminary estimation. 

The detector means comprises phasing means 700, 
35 702 to the input of which down -converted signals 622 are 



PCT7FI96/00383 



16 

supplied from each radio- frequency means. In the phasing 
means, the signals are phased and summed so that 
amplified signals 716, 718 can be provided in the output 
to the desired directions. The phasing of the signals 
corresponds to two different antenna directivity- 
pat terns . The phasing, which can be realized as complex 
multiplication, is controlled 628 by the second detector 
means 606 either directly or via the control unit 610. 
The phased signals are supplied to detector units 7.04, 
706 from where the broadband signal is composed to the 
information channel. The composing uses the spreading 
code of the connection that is used for correlating the 
incoming signal according to known technology. 

The detected signals 72 0, 722 are supplied to 
a diversity combiner 708 where the multipath signals 
arriving from two different directions are combined. The 
diversity combination . may be either coherent or 
incoherent, the latter being more probable in connection 
with a base station. In the diversity combiner, a hard 
decision is made on the information signal, and the 
signal 724 obtained in this way is supplied further to 
signal regeneration means 710 where the signal ..is 
multiplied again by the spreading code into a broadband 
signal. The obtained broadband signal is supplied to 
weighting means 712, 714 where the regenerated signal 
is weighted and delayed to correspond to -the actual 
interfering signal having the correct stage for 
interference cancellation. 

If the reliability of the detection of the 
interfering signal is to be improved further, the 
possible channel coding can also be decoded in the first 
detector — means 604. In such a case, the signal 
regeneration means 710 would also comprise the recoding 
of the signal in addition to the spectral spreading. 
This naturally increases the processing delay. 
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Examine below in greater detail the structure 
of the second detector means 606 by means of the block 
diagram of Figure 8. The figure shows an example of the 
basic structure of the second detector means performing 
5 the actual, detection. 

The input of the second detector means consists 
of the delayed K down- converted signals 634 from the K 
antenna receivers and the detected and regenerated 
interfering signals 632a. The detector means comprise 

10 two separate diversity branches. In each branch, 

interference cancellation is first performed in means 
800, 802 where the regenerated interfering signal 
supplied via the cross-connection matrix is subtracted 
from the incoming signal. The interference cancellation 

15 can be performed by prior art methods. The signal 

cleared of interference is supplied to phasing means 
804, 806 and to demodulation and detection means 808, 
810. In the demodulation and detection means, the phased 
signal is composed and demodulated, and the phasing is 

2 0 controlled by a suitable algorithm the purpose of which 

is to optimize the effective radiation beam of the 
antenna separately for each signal component . The 
phasing data and the detected radiation power 62 6 are 
transmitted to the first detector means 604 either 
25 directly or via the control unit 610. 

The signal phasing algorithm may be in its 
simplest form only a method that determines the 
direction of the main beam but that does not directly 
try to form dips in the direction of the interfering 

3 0 signals. This is on average sufficient in the CDMA 

network since the co-channel interference is averaged 
and single sources of interference are difficult to 
distinguish. The algorithm removing the interference can 
be realized for example with an adaptive FIR filter 
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having coefficients that are updated daily for example 
with an LMS algorithm. 

The signals are detected in the detector means 
8 08, 810 separately in each branch and supplied further 

. 5. to the diversity combiner 812 which also in this case 

may be either a coherent or incoherent combiner. The 
combined signal 814 is ready for decision-making and 
further for channel decoding, which can be implemented 
by conventional methods. 

10 Examine below the method according to the 

invention when applying analog phasing. The basic idea 
of the invention is independent of the phasing used, but 
the structures of the receiver in different embodiments 
differ slightly from one another. Figure 6 shows the 

15 receiver structure of the base station with which N 

users can be received. The receiver comprises K antenna 
elements 600 . The antenna elements 600 are connected to 
an RX matrix, which performs phasing on the analog signal 
which has been received by the antenna elements in such 

20 a way that the matrix output comprises K signal outputs 

each of which corresponds to a signal received by an 
antenna beam pointing in a predetermined signal incoming 
direction. The matrix can be implemented by means of 
prior art arrangements, such as a Butler matrix that is 

25 realized with passive 90° hybrids and phase shifters . 

The number of the antenna beams produced with the matrix 
does not necessarily correspond to the number of the 
ant enna e 1 emen t s . 

The matrix output signals are supplied to the 

30 radio- frequency front parts 602 which are provided 

separately for each antenna beam and where the carrier - 
frequency signal is down-converted and filtered by known 
methods. All the K signals 622 are supplied to the first 
detector means 604 the number of which is N. In the 

35 first detector means 604, preliminary detection is 
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performed on the received signals in order to estimate 
the interference caused by each signal. 

Examine below in greater detail the structure 
of the first detector means 604 in connection with 
5 analog phasing by means of the block diagram of Figure 

7 . 

Instead of the above -described phasing means, 
the detector means comprises in this case switching 
. means 700, 702 to the input of which the down- converted 

10 signals 622 from each radio- frequency means are 

supplied, and which signals correspond to the components 
received by the different antenna beams . In the 
switching means, the antenna beam receiving the desired 
signal is selected. The control 628 to the switching 

15 means 700, 702 arrives from the second detector means 

606 either directly or via the control unit 610. The 
selected signals are supplied to the detector units 704, 
706 where the broadband signal is composed to the 
information band. The composing utilizes the spreading 

20 code of the connection that is used to correlate the 

input signal according to known technology. In other 
respects, the structure of the first detector means 604 
is similar to what is described above in connection with 
digital phasing. 

2 5 Examine below in greater detail the structure 

of the second detector means 606 in connection with 
analog phasing by means of the block diagram of Figure 
10 . The figure shows an example of the basic structure 
of the second detector means performing the actual 

30 detection . 

The input of the second detector means consists 
of the delayed K down- converted signals 634 from the K 
antenna receivers and the detected and regenerated 
interfering signals 632a. The detector means comprise 

35 two separate diversity branches. In each branch, 
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interference cancellation is first performed in the 
means 800, 802 where the regenerated interfering signal 
supplied via the cross-connection matrix is subtracted 
frqm the incoming signal. The interference cancellation 
5 can be performed by prior art methods. The signal 

cleared of interference is supplied to the switching 
means 816, 818 and to the demodulation and detection 
means 808, . 810. In the switching means 816, 818, the 
signal received by the desired antenna beam is selected 

10 as described in connection with the first detector 

means. In the demodulation and detection means, the 
selected signals are composed and demodulated, and the 
switching means 816, 818 are controlled with a suitable 
algorithm. The information about the control of the 

15 switching means and the detected radiation power 62 6 are 

transmitted to the first detector means 6 04 either 
directly or via the control unit 610. In other respects, 
the structure of the detector means 606 is similar to 
what is described above in connection with digital 

20 phasing. 

Examine below the method according to the 
invention when applying multi-user detection instead of 
interference cancellation. The basic idea of the 
invention is applicable, as mentioned above, for both 

25 of the aforementioned cases and for both of the. phasing 

methods described above. 

Examine below Figure 6. In multi-user 
detection, the receiver operates essentially as 
described above, excluding the operation of the second 

30 detector means 606. In the first detector means 604, the 

preliminary estimation of the signals is performed, and 
the signals received from the same direction are 
supplied to the second detector means 606 via the matrix 
608 as described above. In the second detector means, 

35 the signals received from the same direction are 
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subjected to simultaneous detection, whereupon all the 
information that arrives can be utilized according to 
the principles of simultaneous detection. The detection 
can be performed by methods known to a person skilled 
5 in the art., and the detection method as such is not 

essential for the invention. The more detailed structure 
of the second detector means 606 differs from the above- 
described structure and it is dependent on the detection 
method used, as it is clear for a person skilled in the 

10 art. In the output 620 of the second detector means, the 

output signal of each means comprises in this case the 
detected signal of one or more users depending on how 
many users have been detected in each means . 

Even though the invention is described above 

15 with reference to the example according to the 

accompanying drawings, it is clear that the invention 
is not restricted thereto, but it can be modified in 
many ways within the scope of the inventive idea 
disclosed in the appended claims . 
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Claims : 

1. A reception method in a CDMA cellular radio 
5 . system comprising in each cell at least one base station 

(100) communi eating with mobile stations (102-108) 
located within its area, 

which base stations (100) measure the direction 
angle of a signal arriving from each mobile station 

10 (102-108) with respect to the base station, and 

which base stations. (100) transmit and receive 
the signals of the mobile stations (102-108) by means 
of an antenna array (600) consisting of several elements 
by phasing the signal to be transmitted and received so 

15 that the gain obtained from the antenna array (600) is 

the greatest in the desired directions, charac- 
terized in that 

the detection of the desired signal utilizes 
simultaneously signals received from several mobile 

20 stations, the incoming direction of the signals being 

taken into account when selecting the signals. 

2. A method according to claim 1, charac- 
terized in that the detection of the desired 
signal utilizes simultaneously the significant signals 

25 that arrive from the same direction as the desired 

signal . ~ 

3. A method according to claim 1, charac- 
terized in that the base stations (100) remove 
signal components interfering with the desired signal 

30 from the received transmission, 

and that when the interfering signals are being 
* removed from each desired signal, the incoming direction 

and strength of the interfering signals are taken into 
account , 
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and that the significant signals that arrive 
from the same direction as the desired signal are 
selected for removal from the desired signal. 

4. A method according to claim 3, charac- 
terized in that the interference cancellation of 
the signal received from the mobile station utilizes 
signals that have been received from the other mobile 
stations and that have already been detected. 

5. A method according to claim 3, c h a r a c- 
terized in that the mobile stations (502) measure 
at times the quality of the signal they have received 
from their own base station and from the surrounding 
base stations (100, 500) and report the measurement 
results via their own base station (500) to the base 
station controller (506) , and that the base station 
controller (506) detects on the basis of the measurement 
results when the interference caused by the transmission 
from a particular mobile station (502) in the 
surrounding base ' stations (100) exceeds a given 
threshold, and when the measurement of the interfering 
channel is started in the surrounding base stations 
(10 0) , and that the base station controller (506) 
informs the base station (100) surrounding the desired 
signal of the parameters concerning the interfering 
signal, which base station activates a receiver to 
indicate said interfering signal (504b) for interference 
cancellation . 

S. A method according to claim 3, c h a r a c- 
terized in that "the received radio- frequency 
signals are converted into an intermediate frequency, 
and that one or more interfering signals arriving from 
the direction of the desired signals is detected from 
the signal, and that the interfering signals are 
combined, modulated and weighted with directional and 
weighting coefficients and supplied to the desired 
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signal detector where interference cancellation is 
performed before the desired signal is detected. 

7. A base station receiver comprising an 
antenna array (600) consisting of several elements, a 

5 group of radio -frequency units (602) connected to the 

antenna array, a group of detector means (606) which 
means (606) comprise a number of filters and signal 
detectors (808, 810) adapted to the signal to be 
received, and means (804, 806, 636) for phasing the 

10 received signal so that the gain obtained from the 

antenna array (600) is the greatest in the desired 
directions, characterized in that the 
receiver comprises first detector means (604) the input 
of which comprises a signal from the radio -frequency 

15 parts (602), which means (604) perform preliminary 

estimation on the received signal components, and a 
switching matrix (608) the input of which comprises a 
signal from the first detector means (604) , and second 
detector means (606) the input of which comprises a 

20 signal from the radio- frequency parts (602) and the 

output signal of the switching matrix (608) , which means 
(606) perform the signal detection and estimation by 
utilizing a number of signal components received from 
the different terminal equipments, and control means 

25 (610) which select and guide, by means of the switching 

matrix (608), the signals to be utilized on the basis 
of their incoming direction from the first detector 
means (604) to the second detector means (606) . 

8 . A base station receiver according to claim 
30 7, characterized in that the receiver 

comprises means (606) for subjecting the desired signal 
to the removal of interfering signals and to estimation, 
and control means (610) which guide, by means of the 
switching matrix (608), the interfering signals to be 
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removed from the first detector means (604) to the. 
second detector means (606) . 

9. A base station receiver according to claim 
8, characterized in that the second 

5 detector means (60S) comprise one or several means (800, 

802) for removing the signal interfering with the 
desired signal from the received signal, one or several 
means (804, 806) for phasing the received signal so that 
the gain obtained from the antenna array is the greatest 
10 in the desired directions, one or several means (808, 

810) for demodulating the desired signal, and means 
(812) for advantageously combining the demodulated 
signals. 

10. A base station receiver according to claim 
15 9, characterized in that the second 

detector means (606) comprise one or several means (808, 
810) for calculating the direction where the gain 
obtained from the antenna array is the greatest, and 
means (808, 810) for transmitting information about said 
20 direction to the means (804, 806) for phasing the 

received signal and to the control means (610) of the 
receiver. 

11. A base station receiver according to claim 
7, characterized in that the first detector 

25 means (604) comprise one or several means (700, 7 02) for 

phasing the received signal under the control of the 
control means of the receiver or the second detector 
means (606) so that the gain from the antenna array is 
the greatest in the desired directions, one or several 

30 means (704, 706) for demodulating the signal, means 

(708) for advantageously combining the demodulated 
signals, means (710) for modulating the combined signal 
back to the broad band, and means (712, 714) for 
weighting and phasing the modulated signal to correspond 

35 to the received signal. 
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12. A base station receiver according to claim 
8, characterized in that the receiver 
comprises means (636) connected to the antenna array 

(600) for analogically phasing the received signal so 
that the gain obtained from the antenna array is the 
greatest in the desired beam- like directions, and that 
the second detector means (606) of the receiver comprise 
one or several means (800, 802) for removing the signal 
interfering with the desired signal from the received 
signal, one or several means (808, 810) for demodulating 
the desired signal, one or several means (816, 818) for 
connecting the signals received with the desired antenna 
beams to the demodulation means (808, 810), and means 

(812) for advantageously combining the demodulated 
signals. 

13 . A base station receiver according to claim 
12, characterized in that the second 
detector means (60 6) comprise one or several means (808, 
810) for controlling the switching means (816, 818) on 
the basis of the received signal. 

14 . A base station receiver according to claim 
7, characterized in that the receiver 
comprises means (606) for simultaneously detecting 
several signals arriving from the same direction, and 
control means (610) which guide, by means of the 
switching matrix (608), the signals to be detected 
simultaneously to the second detector means (606) . 
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